Introduction {#Sec1}
============

The number of end-stage renal disease (ESRD) patients is constantly increasing, including those requiring chronic renal replacement therapy. Despite the huge headway that has been made in dialysis techniques and equipment, the morbidity burden faced by patients maintained on dialysis still remains unacceptably high. Among the most common problems experienced by these patients are anorexia and protein-energy malnutrition or wasting \[[@CR1]\]. Their prevalence varies depending on the study, within the range of 10--75% \[[@CR2], [@CR3]\]. Malnutrition is a problem not only because of its negative impact on quality of life \[[@CR4], [@CR5]\], comorbidities and hospitalizations, but also, more importantly, its influence on cardiovascular and all-cause mortality \[[@CR5]\]. Successful management of malnutrition could therefore ameliorate the cardiovascular epidemic and poor outcomes in dialysis patients \[[@CR2], [@CR6]\].

The aetiology of malnutrition in ESRD is complex and includes a range of underlying factors. Hence, its treatment is difficult. Protein-energy malnutrition often overlaps with inflammation and atherosclerosis leading to MIA (malnutrition--inflammation--atherosclerosis) syndrome \[[@CR2], [@CR7]\]. Proinflammatory cytokines, such as IL-1, IL-6, and TNF-α, play a key role in these events. This is why treatment aimed at eliminating or reducing inflammation becomes a necessity when conventional nutritional and metabolic interventions do not provide satisfactory results. Several new strategies, including the use of megestrol acetate, are under investigation.

Megestrol acetate is a synthetic progestagen that was shown to increase appetite and body weight in patients with cancer and AIDS and improves quality of life in patients with cancer \[[@CR8]\]. It is believed to work by down-regulating proinflammatory cytokines as IL-1, IL-6, and TNF-α \[[@CR9], [@CR10]\]. It could therefore improve not only nutritional status, but also reverse cytokine-dependent inflammatory processes. In recent years, quality of life, i.e. the patient's functional status and subjective state of well-being, has been recognized as one of the important measures of the outcome of medical treatment.

To date, there have been relatively few evaluations of megestrol acetate therapy in dialysis patients \[[@CR11]--[@CR17]\]. These limited, but promising studies, with variable results, the successful use of megestrol acetate in cancer and AIDS patients, and the lack of data regarding the influence of megestrol acetate on inflammation in ESRD patients, support the rationale for a new study in the latter. The goal of this study was to examine the influence of 160 mg daily intake of megestrol acetate (for 6 months) on nutrition, inflammation and quality of life in dialysis patients. The dose of 160 mg was chosen, as it was reported to be safe, yet effective.

Patients and methods {#Sec2}
====================

Subject recruitment and study design {#Sec3}
------------------------------------

We used a multicenter, prospective design. The study protocol was approved by the Bioethics Committee of the Medical University of Gdańsk. All procedures were performed in accordance with the Declaration of Helsinki.

We screened MHD (maintenance haemodialysis) and CPD (chronic peritoneal dialysis) patients from six haemodialysis facilities (381 patients) and two peritoneal dialysis centres (89 patients). Inclusion criteria were the following: maintenance dialysis treatment for at least 3 months and serum albumin concentration ≤3.8 g/dl (Bromcresol Green). Exclusion criteria were concurrent use of glucocorticoids and inadequate dialysis as defined by a Kt/V of \<1.2 for MHD and \<2.0 for CPD patients. HIV/AIDS or malignancy were not exclusion criteria. Before enrolment, patients received detailed written and verbal information about the aims and protocol of the study. Patients gave written informed consent.

We measured anthropometric parameters and carried out the biochemical analyses at baseline and every month thereafter. We assessed SGA and asked patients to complete the quality of life questionnaires at baseline and every 3 months thereafter.

Patients were provided with megestrol acetate solution (Megalia, Vipharm) after the baseline measurements and instructed to take 4 ml (160 mg) daily. On haemodialysis days, MHD patients brought in their bottles for weighing and were witnessed taking the drug. On the remaining days, they took the drug at home. CPD patients brought in their bottles for weighing and were asked to return the empty bottles on every visit.

Anthropometric indices {#Sec4}
----------------------

These included height, dry weight, and body mass index (BMI). The BMI was calculated using the following equation: dry weight (kg): height squared (m²).

Biochemical analysis (nutritional and inflammatory indices) {#Sec5}
-----------------------------------------------------------

Blood sample was drawn from a peripheral vein (in the CPD patients) or from the artero-venous fistula or catheter before dialysis (in the MHD patients). Serum was separated \<30 min after drawing and stored at −70°C until analysis. Standard laboratory techniques were used for the determination of serum albumin, triglycerides and total cholesterol concentrations (Abbott Clinical Chemistry). The hsCRP and cytokines (IL-1β and IL-6) concentrations were measured by high-sensitivity sandwich enzyme-linked immunosorbent assay (ELISA) kits (DRG and BenderMed Systems, respectively).

Subjective global assessment {#Sec6}
----------------------------

We used a subjective global assessment using a quantitative scoring system consisting of seven variables: weight change, dietary intake, gastrointestinal symptoms, functional capacity, comorbidity, subcutaneous fat and signs of muscle wasting. Each item was scored from 1 to 7 points, where 1 represented severely malnourished and 7 well nourished.

Quality of life analysis {#Sec7}
------------------------

Selected dimensions of the Quality of Life (QoL) were evaluated using validated questionnaires. The level of negative emotions (depression, anxiety and aggression) was measured on the modified Hospital Anxiety and Depression Scale. The intensity of positive emotions (purpose and meaning of life perception) was evaluated with the Purpose in Life Test (PIL). Cantril's Ladder was used to measure life satisfaction, and fatigue was evaluated using the Brief Fatigue Inventory (BFI). Patients completed the questionnaires during or before dialysis sessions or during scheduled outpatient visits at the PD centre. Assistance with filling in the forms was provided if necessary.

Statistics {#Sec8}
----------

All analyses were performed using Statistica 8.0 (StatSoft) and StatsDirect 7.6.5 software. Data are presented as mean ± SD, unless otherwise indicated. *P* \< 0.05 was considered to be significant. To assess the normalcy of the distributions, we used the Kolmogorow--Smirnow and Lilliefors tests. To assess the equality of variance, we used Fisher's F test and Levene's test. The Spearman's or, where appropriate, Pearson's rank order correlation coefficient were used to explore the relationship between indices at baseline. To assess the significance of changes of the repeated measures, either parametric or Friedman's ANOVA were used. Post hoc analyses were the Least Significant Differences test and Conover test.

Results {#Sec9}
=======

Baseline characteristics of patients {#Sec10}
------------------------------------

Forty-nine MHD and 19 CPD patients of the total of 381 MHD and 89 CPD patients were eligible for the study. Thirty-four MHD and 11 CPD patients agreed to participate and were enrolled. Thirteen patients had dropped out before the study started or within the first 4 weeks of the study; nine of these withdrew their consent without giving an explanation, two underwent renal transplantation, one died on the fourth week of the study of causes unrelated to the study (cholangitis leading to sepsis) and one was excluded from the study because of noncompliance. Data from these individuals were not included in the analysis.

The analysis involves 32 patients (24 MHD and 8 CPD; 18 men and 14 women) who had completed at least 1 month of the study. The mean age of patients was 69.97 ± 10.8 years (range 38--85), and the mean dialysis vintage was 33.55 ± 35.7 months (range = 3--133). The causes of ESRD were the following: diabetic nephropathy (9 patients), glomerulonephritis (7), hypertensive nephropathy (3), interstitial nephritis (3), polycystic kidney disease (2) and others (8). None of patients had HIV infection and/or active neoplastic disease. However, there were three patients with a history of cancer. One patient underwent bilateral nephrectomy due to renal cancer 4 years prior to inclusion in the study, one underwent single kidney resection due to renal cancer 18 months before the study started and one was submitted to laryngectomy because of larynx cancer 8 years earlier.

Thirty-four per cent of all included patients with albuminaemia \< 38 g/l had albuminaemia \< 35 g/l, 31% suffered from inflammation (hsCRP ≥ 10 mg/l), 56% from CVD and two patients had a combination of these three components and were therefore diagnosed with MIA syndrome.

All 32 patients included in the analysis suffered from mild-to-moderate malnutrition according to SGA evaluation at baseline, with median of five points and six points as maximum and three as minimum score.

Before megestrol acetate treatment was started, we found no statistically significant correlations between laboratory indices of nutrition and inflammation. However, there were significant correlations between various measures used for the assessment of nutritional status (SGA, BMI, albuminaemia) and between hsCRP and IL-6.

Participation period and premature termination of participation {#Sec11}
---------------------------------------------------------------

The mean participation period was 3.5 ± 2.1 (median 2.5) months. Thirty-two patients completed 1 month of the study, 26 patients completed 2 months of the study, 18 completed 3 months, 14 completed 4 months and 12 each completed 5 and 6 months. Reasons for premature termination were the following: death unrelated to the treatment (7), renal transplantation (1), withdrawn consent (1) and side effects (11) (see Fig. [1](#Fig1){ref-type="fig"} for patient flowchart).Fig. 1Patient flowchart

Nutritional indices {#Sec12}
-------------------

All patients reported improved appetite, which was accompanied by a substantial increase in the daily energy intake. In the group of 32 patients who completed the first 4 weeks of the study, we noticed no significant increase in body weight or BMI. In the 26 patients who completed at least 2 months of megestrol acetate therapy, there was a significant increase in BMI from 23.06 ± 3.26 kg/m² at baseline to 23.68 ± 3.63 kg/m² (*P* = 0.03), but there was no significant change in body weight. From the third month of the trial onwards, changes in both of these measures became statistically significant (*P* \< 0.05).

An increase in serum albumin concentration became statistically significant 1 month into the intervention period (from 35.15 ± 3.28 to 37.28 ± 3.77 g/l; *P* \< 0.05). The increase persisted throughout the 6 months of the study. A trend towards a decrease in the concentration of total cholesterol (*P* = 0.052) was seen during the first 2 months of treatment, but not afterwards. There was also a statistically significant change in SGA, both in the 18 patients who completed 3 months (*P* = 0.003) and in the 12 who completed the whole treatment (*P* \< 0.002). There was no change in the concentration of triglycerides. The results after 2 and 6 months are presented in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}, respectively.Table 1Nutritional and inflammatory indices before and after 1 and 2 months of megestrol acetate administration (*n* = 26)VariableBaseline (mean ± SD)1 month (mean ± SD)2 month (mean ± SD)*P* valueWeight (kg)63.58 ± 12.3864.22 ± 12.164.78 ± 11.97NS (0.16)BMI (kg/m^2^)23.06 ± 3.2623.34 ± 3.323.68 ± 3.630.03Albumin (g/dl)35.46 ± 2.8837.42 ± 3.4436.8 ± 4.440.01Total cholesterol (mg/dl)173.96 ± 57.66168.42 ± 51.85165.27 ± 57.46NS (0.052)Triglicerydes (mg/dl)143.42 ± 73.6136.38 ± 59.13131.11 ± 57.42NSHsCRP (mg/l)6.98 ± 5.386.99 ± 5.7410.2 ± 7.22NSIL-1β (pg/ml)2.42 ± 4.651.91 ± 3.171.52 ± 1.63NSIL-6 (pg/ml)24.2 ± 18.8235.77 ± 39.0533.03 ± 46.89NSTable 2Nutritional and inflammatory indices before and after 1, 2, 3, 4, 5 and 6 months of megestrol acetate administration (*n* = 12)VariableBaseline (mean ± SD)1 month (mean ± SD)2 month (mean ± SD)3 month (mean ± SD)4 month (mean ± SD)5 month (mean ± SD)6 month (mean ± SD)*P* valueWeight (kg)63.26 ± 13.0464.11 ± 13.3564.13 ± 12.8564.46 ± 12.0165.46 ± 12.7465.53 ± 12.465.58 ± 12.53\<0.01BMI (kg/m^2^)23.5 ± 3.823.81 ± 3.9724.08 ± 4.3124.22 ± 4.0124.63 ± 4.4924.64 ± 4.2824.66 ± 4.23\<0.001Albumin (g/dl)36.46 ± 1.8238.83 ± 2.6938.75 ± 2.9639.17 ± 2.7240.17 ± 1.9440.25 ± 1.8140.33 ± 2.71\<0.001Total cholesterol (mg/dl)191.33 ± 64.04186.33 ± 62.99186.75 ± 59.38184.42 ± 55.22202.5 ± 60.07187.5 ± 56.88193.00 ± 64.4NSTriglicerydes (mg/dl)151.92 ± 86.17136.00 ± 75.51144.42 ± 62.27150.33 ± 64.17153.58 ± 81.03153.75 ± 66.42185.17 ± 92.45NShsCRP (mg/l)4.93 ± 3.537.01 ± 4.177.21 ± 7.65.5 ± 6.448.69 ± 7.456.64 ± 6.479.92 ± 7.59NSIL-1β (pg/ml)1.72 ± 2.991.26 ± 2.471.33 ± 1.432.94 ± 5.330.98 ± 1.442.81 ± 4.071.00 ± 0.74NSIL-6 (pg/ml)16.72 ± 18.0721.34 ± 23.513.58 ± 16.2720.64 ± 16.721.4 ± 17.7913.22 ± 12.3612.56 ± 13.92NS

In the 26 patients who completed 2 months of treatment, post hoc analysis revealed that the minimum treatment period required to reach a statistically significant increase in weight gain was 2 months. A significant change in BMI was seen after 2 months of treatment with megestrol acetate and between the first and second months of the treatment. The albumin concentration increased significantly over the first 4 weeks and the first 2 months of the intervention period. However, the changes between the fourth and eighth week of the study were insignificant. In the 12 patients who took megestrol acetate for 6 months, the increase in body weight and BMI reached significance after at least 4 and 3 months of treatment, respectively. However, the albumin concentration had increased significantly by 1 month.

There was no relation between the dialysis modality (peritoneal vs. haemodialysis) and the change in nutritional status during treatment. Weight gain was significantly worse in patients with diabetes, while having diabetes did not influence the change in the albumin concentration.

Inflammatory indices {#Sec13}
--------------------

There were no statistically significant changes in the concentrations of hsCRP, IL-1β or IL-6 throughout the whole study period (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}).

Quality of life {#Sec14}
---------------

Quality of life was estimated in the 18 patients who completed 3 months and the 12 who completed 6 months of treatment. There were no significant changes in valuation of life satisfaction, fatigue or intensity of positive emotions, purpose and meaning of life perception, and negative emotions.

Side effects of therapy {#Sec15}
-----------------------

Side effects were common. Overhydration of varying severity or excessive fluid gain (\>4 kg interdialytic weight gain or/and overhydration causing pulmonary congestion and dyspnoea) between haemodialysis sessions was seen in nine patients, and a dose reduction of megestrol acetate was required in all. Two patients withdrew from the study after 2 months and one after 4 months. One of the signs of overhydration was a raise in blood pressure. However, none of the patients without symptomatic overhydration developed hypertension or required modification of antihypertensive treatment. Excessive weight gain (\>5% of initial body weight within 4 weeks) developed in six subjects, and in four of these a dose reduction was necessary. Two patients withdrew from the study after 2 and 3 months, respectively. One of the patients with diabetes required a dose reduction because of hyperglycaemia. This was difficult to control by increasing the dose of insulin. Diarrhoea in three patients and nausea and vomiting in three subjects led to discontinuation of the megestrol acetate. Another two patients withdrew prematurely because of thrombophlebitis. Some patients experienced more than one side effect; most commonly excessive weight gain was accompanied by overhydration.

Discussion {#Sec16}
==========

Dialysis is an effective treatment that prolongs the lives of ESRD patients but at the same time brings them an enormous burden. One of the most common clinical problems faced by dialysis patients are anorexia and malnutrition. Their negative impact on the quality of life, number of comorbidities and hospitalizations, and, most importantly, its deleterious influence on cardiovascular and all-cause mortality are widely recognized. Dialysis patients themselves perceive anorexia as one of the most unpleasant of all symptoms \[[@CR18], [@CR19]\]. So far, the search for an effective and safe therapeutic agent that could be used to correct anorexia and/or malnutrition has not been successful. Hence, we decided to evaluate the influence and safety of megestrol acetate on nutrition, inflammation and quality of life in this population.

Even though malnutrition is a common clinical problem and a strong predictor of cardiovascular and all-cause mortality in dialysis patients, there is still no single test that reliably estimates the severity of protein-energy malnutrition. An accurate assessment of nutritional status in dialysis patients is therefore difficult. We decided to apply a commonly used, simple and inexpensive marker of malnutrition, serum albumin concentration ≤38 g/l. At the same time, we were aware of the fact that inflammatory states, plasma volume and distribution between extra- and intravascular compartments limit the specificity of serum albumin as a nutritional marker.

According to our definition, only 14.5% of almost 500 patients screened were hypoalbuminemic. One-third of these suffered from microinflammation, and about 50% had cardiovascular diseases. Only two patients had all three components of MIA syndrome concurrently. This suggests that the actual prevalence of malnutrition and MIA syndrome among dialysis patients may have been overestimated or that serum albumin concentration is not a perfect tool for assessing malnutrition. The former is consistent with a recent study \[[@CR20]\]. In this study, only 10% of patients were malnourished 3 months after the start of chronic haemodialysis treatment. In our study, one of the inclusion criteria was maintenance dialysis treatment for at least 3 months. In addition, the DOPPS study found significant differences between countries in the proportion of moderately and severely malnourished dialysis patients on the basis of various nutritional markers including serum albumin \[[@CR21]\]. In a more recent study, hypoalbumineamia (defined as \<3.5 g/dl) was found in only 8% of a group of 149 MHD patients from a single dialysis centre \[[@CR22]\]. On the other hand, despite having acceptable level of albumin, dialysis patients have abnormalities in their amino acid profiles indicating malnutrition \[[@CR23]\].

We found that in hypoalbuminemic MHD and CPD patients 160 mg of an oral suspension of megestrol acetate taken daily for up to 6 months improved several markers of nutritional state but had no influence on inflammation or quality of life. The most impressive result was the significant increase in albumin concentration beginning from the first month and continuing throughout the whole trial period.

Significant weight gains and increases in BMI were noted in the following months. Weight gain was significantly lower in diabetics, while the rate of increase in serum albumin concentration remained unaffected. Unlike the presence of diabetes, the mode of dialysis did not influence the changes in nutritional status. Side effects of therapy were prevalent and significant.

To date, only seven studies evaluating the use of megestrol acetate in dialysis patients have been published. Burrowes et al. \[[@CR11]\] published a case study of a haemodialysis patient taking megestrol acetate 320 mg/day for 24 weeks. The patient reported an improvement in appetite, and his fat mass increased by 163%, whereas his lean mass decreased by 10.6%. Lien et al. \[[@CR12]\] placed 12 chronic peritoneal dialysis (CPD) and four maintenance haemodialysis (MHD) hypoalbuminemic patients (\<3.5 g/dl for two consecutive months) on megestrol acetate 20 mg twice daily. Serum albumin increased in 75% of patients. One patient stopped taking the drug because of vaginal bleeding from leiomyoma.

Boccanfuso et al. \[[@CR13]\] evaluated the effect of megestrol acetate suspension 400 mg orally twice daily for up to 6 months in 17 MHD patients with serum albumin \<3.5 g/dl for two consecutive months. At the end of the third month, only 53% of those patients were still in the study, whereas only three of them were able to take the studied medicine for 5 to 6 months. Each of these three patients had a positive change in SGA, appetite and caloric intake and an increase in dry weight. Side effects leading to dropouts were common and included diarrhoea, confusion, headache and hyperglycaemia.

Costero et al. \[[@CR14]\] treated 32 CPD patients with 160 mg of megestrol acetate daily for 1--23 months and observed an increase in appetite in most patients, together with a significant weight gain and no significant change in serum albumin. No side effects were reported. Rammohan et al. \[[@CR15]\] assessed the efficacy of 400 mg of megestrol acetate taken daily for 16 weeks in nine MHD and one CPD patients. Appetite, daily energy intake, body weight and serum albumin increased significantly. There was also a fall in serum CRP concentration of borderline significance. Quality of life was also reported to be improved. No major side effects were observed.

Recently, Monfared et al. \[[@CR16]\] published the results of a randomized controlled trial in a group of hypoalbuminemic haemodialysis patients. Eleven patients assigned to experimental group were treated with 40 mg of megestrol acetate twice daily for 2 months, while 11 patients in the control group continued with their previous treatment. There was a statistically significant increase in serum albumin concentration in the treatment group with concurrent changes in PCR level, while there were no significant changes in the control group. However, these authors reported no changes in the total pre- and post-dialysis body weight of patients. Recently, Yeh et al. \[[@CR17]\] demonstrated in their double-blind, placebo-controlled study with 800 mg megestrol acetate daily combined with progressive resistance physical therapy, that megestrol acetate use in a group of nine elderly, cachectic haemodialysis patients lead to improvement in weight, with favourable increase in fat mass over lean body mass. Simultaneously, no statistically significant changes in inflammation markers apart from a decrease in hsCRP level and an insignificant improvement in the sense of well-being were seen.

The exact mechanism by which megestrol acetate exerts its orexigenic effect is unknown. It has been suggested that it could be due to down-regulation of the synthesis and secretion of proinflammatory cytokines. If so, the possession of both appetite-stimulating and anti-inflammatory properties would make megestrol acetate an optimal tool for the treatment of malnutrition and MIA syndrome. However, we saw no significant changes in hsCRP, IL-1β or IL-6 concentrations after megestrol acetate treatment, while Rammohan et al. \[[@CR15]\] described a decrease in the hsCRP concentration that was of borderline significance. Similar results regarding IL-6 were reported by Jatoi et al. \[[@CR24]\] in a group of 85 patients with cancer-associated anorexia or weight loss. The authors suggested that other mechanisms were responsible for the favourable effect of megestrol acetate. Megestrol acetate possesses both glucocorticoid and progestogenic activities \[[@CR25]\]. The results from animal studies show that megestrol acetate stimulation of appetite may involve neuropeptide Y (NPY) \[[@CR26]\] and/or calcium channels in ventromedial hypothalamus, a well-known satiety centre \[[@CR27]\]. The NPY-induced feeding is known to be dependent on circulating glucocorticoid levels. On the other hand, feeding behaviour in women is influenced by the menstrual cycle, with the highest food intake during the post-ovulatory luteal phase, when progesterone levels are highest \[[@CR28]\].

Wallace et al. \[[@CR29]\] also reported similar findings: the concentrations of IL-6 and CRP remained unchanged after 6--12 weeks exposure to megestrol acetate in malnourished gastrointestinal cancer patients. Furthermore, the levels of inflammatory biomarkers such as CRP, IL-6 and fetuin A show considerable intrapatient fluctuations (31--46%), even in apparently clinically healthy dialysis patients. These markers might be of limited value as surrogate endpoints in clinical trials \[[@CR30]\].

There is also a within-subject variation of albumin concentration. Even though both albumin and CRP are acute-phase reactants, the variations of CRP are two orders greater than that of albumin. This phenomenon could be attributed to longer half-life, higher molecular mass and much smaller biological range of albumin synthesis rates, fractional catabolic rates and serum values \[[@CR31]\]. Consequently, within-subject fluctuations cannot be ruled out as the cause of interference with the general trend in a small study population and therefore makes it impossible to draw statistically significant conclusions.

There is another possible explanation for the lack of decrease in proinflammatory cytokines concentration in spite of the anti-inflammatory properties of megestrol acetate. Adipose tissue is an active endocrine organ secreting proinflammatory adipokines such as IL-6 \[[@CR32]\]. In 43 peritoneal dialysis patients, BMI correlated with the levels of leptin, CRP, IL-6 and TNFα \[[@CR33]\]. In a group of 197 ESRD patients, individuals with higher total body and truncal fat mass had higher CRP, fibrinogen and IL-6 levels \[[@CR34]\]. In the same study, there was a negative correlation between IL-6 and handgrip strength. Similar observations were made in CKD stage 3 and stage 4 patients \[[@CR35]\]. Honda et al. \[[@CR36]\] found that, in a group of 328 ESRD patients, CRP, IL-6 and TNFα were highest in wasted patients with BMI \> 25 kg/m^2^. These patients tended to be older, with a higher prevalence of comorbidities, especially CVD and diabetes mellitus. These characteristics also applied to our study population.

To date, analyses of body composition in dialysis patients taking megestrol acetate have shown a statistically significant increase in fat mass with a concurrent decrease in lean body mass \[[@CR11], [@CR15]\]. Also, in AIDS and cancer patients treated with megestrol acetate, the increase in fat mass outweighs by far the minimal improvements in protein balance. This could explain the statistically significant increase in body mass without any simultaneous increase in albuminaemia described previously in dialysis patients taking megestrol acetate. Therefore, the amount of proinflammatory cytokines secreted will increase as the fat mass increases, despite down-regulation by an unchanged dose of megestrol acetate.

This hypothesis seems to contradict the reverse epidemiology phenomenon and the protective effect of high BMI in dialysis patients. However, Honda et al. \[[@CR36]\] found that high BMI was associated with a survival advantage, provided that it was not accompanied by protein-energy wasting. Similarly, Beddhu et al. \[[@CR37]\] reported that the protective effect conferred by high BMI was limited to those patients with normal or high muscle mass in a group of more than 70,000 haemodialysis patients. Patients with BMI ≥ 25 kg/m^2^ and low muscle mass had a higher risk of all-cause and cardiovascular death compared to patients with BMIs ranging from 18.5 to 24.9 kg/m^2^ and normal or high muscle mass.

A significant increase in albumin concentration can occur together with muscle mass depletion. Lean body mass, as determined by creatinine kinetics \[[@CR38]\], anthropometry and bioelectrical impedance, correlated poorly or not at all with serum albumin level \[[@CR39]\]. Megestrol acetate has glucocorticoid-like activity \[[@CR25], [@CR40]\], and glucocorticoids are known to upregulate albumin gene expression in vitro \[[@CR41]\] and to increase albumin synthesis in vivo \[[@CR42]\], while stimulating muscle protein breakdown. Albumin is a negative acute-phase protein, but its concentration and synthesis rate are also determined by numerous factors other than inflammation \[[@CR43]\]. For that reason, megestrol acetate improved nutritional status, as measured by total body mass and serum albumin, but did not reduce inflammation.

As mentioned earlier, megestrol acetate favours an increase in fat mass with a concurrent depletion of lean body mass. Muscle mass loss has been shown to increase the mortality risk in predialysis CKD stage 5 patients \[[@CR44]\], haemodialysis patients \[[@CR44]--[@CR47]\], haemodiafiltration patients \[[@CR48]\] and peritoneal dialysis patients \[[@CR39], [@CR49]\]. It would therefore be reasonable to combine megestrol acetate treatment with another intervention that would result in more favourable body composition changes.

Because megestrol acetate induces hypogonadism, there have been unsuccessful attempts to supplement megestrol acetate treatment with testosterone in men with HIV-associated weight loss, in order to promote lean body mass \[[@CR50]\]. Another option would be to add resistance or aerobic training. The rationale for introducing an exercise programme is that positive energy balance during inactivity has been shown to be associated with greater muscle atrophy and activation of systemic inflammation \[[@CR51]\].

Megestrol acetate has been reported to improve quality of life in cancer patients. Malnourished dialysis patients often show substantial reduction in quality of life, thus valuation of how different dimensions of QoL are affected by megestrol acetate was an integral part of the study. As hypoalbuminaemia has been associated with poorer quality of life \[[@CR4], [@CR5], [@CR52]--[@CR54]\], an intervention leading to an increase in serum albumin concentration would be expected to improve health-related QoL. Nevertheless, we saw no significant changes in QoL. Although this may contradict the assumed association between albumin level and QoL, it should be kept in mind that megestrol acetate increases fat mass with a relatively small improvement in protein balance. Our findings are consistent with the results of Goller et al. \[[@CR55]\], who reported that overweight CPD patients had lower SF 36 scores. Similarly, Kalantar-Zadeh et al. \[[@CR56]\] examined the relationship between SF 36 and body fat percentage in 535 MHD patients and found that overweight individuals perceive a worse QoL.

An alternative explanation is provided by SimicOgrizovic et al. \[[@CR57]\], who investigated the association between depression and various clinical indices in 128 MHD and CPD patients. Depression was closely associated with malnutrition, inflammation and cardiovascular mortality, but the most powerful variable associated with depression was IL-6. The lack of a decrease in proinflammatory cytokine concentrations possibly resulted in unchanged levels of negative emotions.

Another issue is the high prevalence of significant side effects, making it necessary to reduce the dose or to end the planned treatment prematurely. This was especially surprising, as the 160 mg dose we decided to use has been described to be safe and associated with no adverse events \[[@CR14]\]. It is difficult to explain the lack of side effects when using higher doses of megestrol acetate \[[@CR15]\]. The most common and the most alarming was overhydration of varying severity or excessive fluid gain between haemodialysis sessions. In a study by Kalantar-Zadeh et al. \[[@CR58]\], greater fluid retention between two consecutive haemodialysis sessions was associated with a higher risk of all-cause and cardiovascular death, even though higher weight gain was associated with better nutritional status. Furthermore, the fluid retention---survival association was stronger in individuals with higher albuminaemia.

The main drawback of our study was the lack of a control group. This was due to a very limited number of patients who agreed to participate (32 patients out of 490 patients screened). Technical limitations also meant that we could not analyse body composition changes. The use of visual analogue scale for appetite assessment and measurement of actual food intake would have allowed a more accurate estimation of the orexigenic effect. However, patients would have had to fill in more questionnaires and this could have adversely affected the QoL assessment.

In conclusion, megestrol acetate may be effective in reversing poor appetite in carefully selected maintenance dialysis patients. It improves some measures of nutritional status, but does not reduce inflammation and does not improve quality of life. There is virtually no evidence that megestrol acetate--induced weight gain or that stimulating appetite and improving selected nutritional indices in patients with chronic disease wasting confers any survival benefit. No data exist to indicate that the composition of weight gain affects the outcome. Tailoring the dosage according to individual response could possibly solve some megestrol-related problems. However, due to serious and prevalent side effects and its unproven QoL benefits, its use must be considered and managed carefully and monitored closely \[[@CR59]\], especially in dialysis patients. Further studies are needed to investigate whether the benefits of megestrol acetate outweigh its side effects.
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